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(57) Tho mothod Ineludos running 0 Knor 17. production 
packor 15 and poHohad tore rocoptocie (PBR) into • wall 
on tho production tubing string 11, oomonting ttio linor 17 
in place by pumping cement through tho production 
tubtng string 11, setting the pedcor IS. and optionally 
thereafter reieasing an upper portion of the tubing string 
from tho PBR, A seal aaaembly iaolateo the PBR tore from 
cement exposure during liner cementation. Annutus 
pressure produces a reverse fluid surge and circulating 
now to prevent PBR seal area contamination when tho 
tubing string la lifted away from tho PBR A connecting 
assembly 12 is suspended from a production tuWng string 
11 to position the liner 17 in 0 woilbors. The connecting 
assembly trensmita rotational and longitudinai forces 
from the production tubing string to property position and 
cement the linor in the woltboro. Tho connecting assembly 
incHidoo a dovico 20 to limit torque forceo on tho tubing 
string, and 0 longitudinal slip mechaniam 28 pemiHs 
limited longitudinal movement between tho connecting 
assembly and tubing string. A packer 15 is sot to seat 
between the production tubing string 11 and the wett 
casing. An extended lengtti of tubing 11a extonda tolow 
the packer to provide a continuous tul)ing^nor-caaing 
overiap area for cemen tati on. 
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WBLL COBflFUmON SYSTEM AND MEIHOD 

The iBcseot ioveatiao relates geaexaHy to the compktioo of wdU. More 
pailicolaiiy, thU uwenlion xdates to an io^^ 
5 a liMT in place wiflun a wdl and for comriedng the wrii fa « ^ ^yf,})^ 
mlninriTBi the mnnfaer of trip» into and out of the 

^^TTOlfl nf ttlf Inventi«m 

linen are lypicany used in petrafeum leeovoy opetations to caw-off new 
sections of wdlbore drilled betow an already ca^ Tkelineria 
conventioaany attacked to a'driU sting and is lowend witii a liner hanger and a 
polished bore iBceplade £ot dje driB stiing ihrough the cased p« 
die liner is positioned in die open bore. The liner hanger is subaeqpeady set to 

andwr the t«v of the liner to d» base of the sunounding easing, which previously 
was fixed widiin die weiL 

Hie liner is coaventiooaUy cemented fa die weUbore. A fluid ceaent sluny 
is pumped down the drill string and drculaied up duough the open wellbore and into 
the amnOus area between the finer and d>e casing. A cement amulos is dnis formed 

between diis exterior of the Ifaer and dto waQs of die wellbore, and ideally extends 
fiom just bdow the finer to die baae of dto finer banger. 

20 In typicailinerhanger ln s anattens , flto finer hangerUanchored near the base 

of the previously oememedeasfag string. The liner is diua suspended diiecdy fiom 
the hanger, which fa nm is suspended ftom the caring string. A polished bore 
«oq»tacte (FTO) is positiooed directiy above die hanger, and is cemented 
with d» finer hanger. Tbis design provides a relatively short -overlap" between the 

25 oaing and die liner. wUdimaka it difBcuU to place the proper volume 

fa die overiap area widiout oveniispladng and fordng die cement above die liner 
hanger and polished bore receptacle. 
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Tte liiier hipger is typically mrdwininny set by movqpcnt or fiaca q^aied 
by die dnU stnng or is bydraulicaUy set by piriwrifiiig fluid in tbe dxiU string. 
After being set, the ancfaored liner hanger, polished bote WTptacIc, and attached 
liner may be released fiom the diiD string by mechanfcal or hydnmlic activation. 
5 In a typical liur installation, the liner hanger is equipped with a bearing 

member which penniia the liner to be rotated after the liner hanger has been s^ 
Rotation of tbe liner during the cementation process is employed to improve the final 
placement of die cement around die liner and thus the quality of the cementing 
operation* Specialized hanger designs and setting tools operated by the drill string 

10 are employed to hang off and rotate the liner. 

After the cementing operation and die tripping out of die drilling stringy the 
linerisoommoidy ded back tp the sur£^ with a production tubing s^^ ThePBR 
provided direcdy above the liner hanger has a smoodu cylindrical inner bore designed 
to receive and seal with an external seal assembly carried at the bottom of die tubular 

IS which stabs into die liner hanger PBR* Because die open bore of die PBR direcdy 
above the conventional liner hanger is exposed when tiie drill string is separated from 
die liner hanger^ cement which frequendy has been pumped above the liner hanger 
faUs into die PBR hott when die driU pipe is disengaged from the hanger. The 
presence of this debris, as well as medwnical damage to the receptacle occurring 

20 when cementing the lii»r in place* may prevent a seal assembly from subsequendy 
entering or sealing widi the rBoqrtade bore. When diis occurs, expensive and time 
consuming clean-up trips and r q air procedures are required* The opmtioa of 
tripping die diiU string in and out of die weU to condidon or repair the 
running in widi die prodncdon tubing may take days of rig dme and cost hundreds 

25 of diousands of doUara. To comidetB die well, a production tubing string may be 
subsetioendy tripped in with a production packer vi/bkh is normally set high above the 
liner hanger. Typically anodier PBR is provided for getting on and off die set 
production packer. 

The conventional pdished bore receptacle at die Mppex end of die liner 
30 employs a polished bore diameter which is equal or larger dian die internal diameter 
of die liner, so diat a liner hanger PBR and sealing assembly do not restrict *fixll 



pagt' imenal access to the Soer. Hk prodactioa tidiing stnng nay down 
andseal with the HnerPBR. The seal assembly fi» waling widi the Una PBR must 
seal the generally ri g mfifant anrndar area between die liner PBR bare and the 
generally smaller outer diameter of the pnxJoctian tubing. This results in lazge 
ptessore-indaced foxoes acting above and below the seal aaaeoUy oooe 
is engaged with the liner polished bore receptacle. Most iaponamly, the liner 
PBRApirbdBCtioo tabiaz seal assenAlv la expnaed ta normal ntOA ffaw pit ni re 
fiom the lower producing ftaanation. Tbew pieasuie<jnduced forces impart 
excessive stresses into the fnodoedcm tnUog oriog, resnllhig in distoctioa, burst 
and/or odhqne of die producdon tubing string. 

A epical liner instaUatkm enqtloys an andined prodocdon pecker in an upper 
tubing-to-ca^ annulus to bodi isobte die liner PBR finom fuQ anunlar l^drostatic 
pressmes. and to absoifa and transfer to die casing the c ompB e Miw a trtMiig ari ^| | i^a ^ ^ 

resulting fiom notinal high pressur^exposure of dtt mtenoal piston area between the 
tubing and liner raR. The casing may be open fiom above die finer PBR to below 
die producdra packer. Altetnadvely, a tubular typically smaller in diameter dian die 
producdon tubing may esdend fiom dteprodncdoii packer to seal widi die liner PBR. 
The QFpical installation findier indodes a packer PER, sized ^proprialely to die 
vppa tulMng« to permit disengagement for fluid dteolation, tubing retrieval and 
acGommodadon of normal leagdi changes in die tubing string extending to die 
sur&ce. 

During die c wnfn t in g process, it is impoxtant to minimize formadoa damage 
by limiting die hydrostade pressure inqxised against the fonnadoo to be produced. 
Factors affecting the bydxoststic pressure mdude die hdght of the cement odumn in 
die drill s&ing and die pump pressure required to overcome puminng fiicdon 
pressures. High cement columns and high pump pressures can produce ht gfi 
hydrostade pressures wfaidi may severely damage the produdng formation. 

The quality of the cementation process is affected by bodi die vdodty and die 
turbulence of die cement flow as it moves into die annulus between die liner and die 
surrounding weilbore and casing. A reduedon in die vdodty and bnbolenoe of die 
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ttibboMiold as Ifae ocnmt is i7irn?hi*t^ intD the <gfUL hoio q* HW ^** f , 

an impKovod fugftod ssd system are hcRfauiftcr diytewd fiir ofswfniHig a Uiicr in 
S (riacc widiiii a wcUbore and more cconoiHteiny foimrtfilag a wdl* Hm lBciuiic(pc of 
tUi fammdaQ the mimbar of trip^ and ti^Hwt opei ad o os , sod also 

provides a xcUsblo ccmenring opc tation while minimlring fonmioo ddn dsmage. 



o 

The ^stem aod method of the pieseat isventkm en^loy a prodacdoa tubing 
^ftg fttthiy than ft drill pq^e String to poptiott a liner m a wdHxae and cemcot the 
liner in place. The tecfanictue of this invention diminalm the oooveotional liner 
S hanger^ liner polished bore receptacle and seal assembly, diill pipe, and assodated 
liner hangg/polished bore recqrtade naming tods. A ptoductioQ packer and a 

pf>Ushfd ^Kff^ rffqy*l^(P^^) ron in wiih thftproducrioft tnbiitg atring ahcavtt tha 
liner. A ponioo of the pnxiuction tubing extends below the prodnctto 
die polished bore reoqrtade and fbnns an extended overi^ 

10 and surrounding casing in the area below the packer and above the base of the 
sunounding casing. This extended overlap section provides an ample area for 
complete cementatkm betw^ the production tubing and casing while reducing the 
dan^ of punqnng the cement above the PBRf which is prefer 
the tower end of the casing. Stiingen of cement wfaidi tend to develop above the 

15 cement top during cemematioa are ttiosiAysicaUyiscdaledfi^ 

by Oe extended overiap, tlndyy minimizhig contamination of the area aixyve the 
production packer where the PBR is located. 

The system and method of the present hiventum pennit the producticm tubing 
to be used to ixntion, roiam and/or recqmcate the liner to 

20 cement the liner in place. The ppoducdon tubing comectiona are threaded and have 
^tit^ii^fwfig metal-to-metal seals which tolesaie high lotqiie forces* A torque 
transndsdon and tonjue limiting member transmits tovque fiom the productioQ tubing 
string to the liner, and disengages when excessive torque is ^plied to imtect Oe 
tutiingconnecticms. Longitudinal movement between die tuMog and liner is permitted 

25 by a slq> mechanism, which permits l on g it udi n al mo v ement of the production tubing 
string relative to the liner. The producdon tuWng string may thus be moved during 
an emergen^ when cementing the liner, or when nonnally producing, treating, 
stimulating, or killing the well. A shear mechanism cratroto initiadon of tubing 
movement after the liner is cemented. 

30 Tlie system of the invention indudes a piodiicdon packer which may be set 

without movement of the liner. The packer is co n nected to the production tubing 
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itnnif m tfaat tte mnnlar padnar aeai initMnY mtalM wiA tha Htwy uif^fi p^^'^^ 

the lixuardcnvnbofe and when the 
padoer auy dms be set after the liner has been ocmcnted in place. la a pcefened 
fbrm of the iaveodoiit Ite padoer oontaiiis a smaU egqdiwve dtaxge wfaids is 
5 detonaled from the wdl saifice* The setting imxeduie is tnHjpmijf,)! of ^ 
piessoie or tidnng movement to prevent the padoer from setting during the Hner 
placement or cementing operatioa. The packer is also capable of allowing for tbt 
dicolatxon of high density fluids at high Sow rato 

prodiiction tubing stzing and dte casing bodi before and during tiie liner ggmfyiHrig 
10 operadoQ, and then subseqoem setting of die padoer wilhM 
string. 

The PHR may be pTfmded with a ideaae system whidi permits release of the 
production tubing stdng by various ^qoeans, induding pressurizing the tubing-to-casing 
annulus above the FBIL Upon nddalsepanttionctftfie tubing string, a rapdie^^ 

IS fluid dicnlation flow is r tfa hKihiB d which purpoaefully amgea and rmt^^ tmd 

other contaminants upward into the tubing and away from the bore of the PBR. 
Specified seaUng memben at tbt lower end <tf tibe seal assembly widistand diis 
intentional differential pressure unloading technique. The invendon thus allows the 
pnxiudion tubing string to be re-engaged with the pdisfaed bore recepiacte without 

20 the need for subsequent procedures to dean and redress die PBR. 

According to die mediod of die present invendon^ die liner is posidooed and 
cenmtied in iriaoe using die pnxhicdontubbg string. For a given wdl, die volume 
of cennem wfaidi macy be canied widdn an axial leagdi of a typical product 
string is greater dian that wfaidi amy be canied by die sanie axial lengdi 

2S drill pipe string. Accoidtngly, die column of cement contained m die drill pipe 
extends higher dian die same volume of cement rtmfmf^ in ^ pioductioa tubing 
string. The shorter cement cdumn employed aooorduig to die mediod of die present 
invendon ptodncesalower hydrostatic pressure in dieweUbore wUdi is less injurious 
to die hydrocaibon bearing fonnadon. 

30 Useofproductiontidriogiadier than driU pipe to caxty the cemem tote 

also reduces mud contamination of die cement sluny. Drill strings are typically 
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inlenany opsctattfadrttacad^ 

discontinuities in the flow ptih of tfae drill string. Tbt ponqnlown i^iqs placed 
ahead of and behind d» cement slurry do ool effideatiy vrip^ die constricted axcas 
of die drill pq)e. By ccmtiaist, a production tubing ttdng wUdi enqddys premium 
5 shouldering^ metal-to-metal seals in die direaded-«id connectioiis has a substantiaily 
unxfbnn central bore wtdcfa is rffidentty wiped by die pumjMkiwn {flugs* TTie 
smoodi flow conduit provided by die producdm tnUng also improves die flow of 
cement in die borehole as weU as in die cashig«(o-4hier amulus by ^in^ns^^ 
excessive bntmleooe and vdodty in die cement flow. Kforeovtr, by providing 

10 productkm tuUng nUher don a liner widiin die set casing, the lap area annulus is 
increased to obtain a more rdiirible cemendng operatioo. 

Tlie design of the pre3em system dindnates tfae need for sepa^ 
and setting tods, and pennits dieuseofbodioilfidd tobolan widi smaller outside 
diameters and laxger inside diameters as compared widi cooventiooal <^^m#^ng 

IS systems. The PBR may be sized for die prcidoction tubing string rather than for d^ 
liner, so ttiat it has a smader outside (fiameter and a shorter lengdi than die FBR 
conventionally provided above die liner hangsr. Hds feature pennils larger fluid 

ctreuladon paths which mdiioea dmilatiiig ppMntm uml tntnifwiTi*! frtnnafi^ damagf , 

From die fomgoiag^ it win be appTKiaied diat a primaiy obtject of die 

20 invention is to pnyvide a mediod and system for insiallh^ 

eliminates the requirement for a liner hanger and a Tp^^^r*^ Uner-hanger running 
tool which must be withdrawn from ttie well prior to xumdng in the final completion 
equ^menL AreialedolQectof dxeinvendootodiminaietfieneed foralinerhang^ 
to support the liner and pennit rotatioa of die liner during cementation after tfae 

25 hanger has been set Since die liner hanger is nol required as a suspension device to 
secure the liner in die weObore during the ^wiiNittwg qiention, no liner hanger 
bearing memben are required to alkyw die Iher to rotate relative to tte 
die cementing operatioa. Anodier obfect m dus invendon is to enable condnuous 
circulation throughout aU liner plaoeinent or driUnky^ 

30 stages. This continnoos diculation capabifity increases weObore safety and wellbore 
integrity and contrd in a manner which is not posable according to conventional 
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tedmiqoRS wtadB a finer linger and mnaiBg tod requiie <^Tffiif n of mad 
drenladoft dutiog di s c o imwlfnn of the nuuiiig tool pim to comneooenient of 

Aaother olg*ett of tbe present invention u 
S installing a liner in a weQ without the normal cement contamination of the liner 
hanger pcdished bore receptacle. By diminating both the liner hanger and the ling 
PBR above the base of the set casing, subsequent remedial openticms required to 

repair dflmaga to tha MR ham caused during rttfi r^mtm^i^g proPffillTP MP aVTOdqt 

The method and system fwmtallipg a liner within a wdlcasfaig 

10 within the camg m aOetpatB dinaniaft frnm tha cgmenf^ to n^t^ninlly mtmmiTP 

or practically. eJiminatft the HloeHhood of the punqwd cement fiUmg the PBIL The 
tedmiqw bf this inmntion a^ iivrf<h*wf of cement stringers which tend 

to develop above die cement tx^ during cementatioQ* 

It is also an object (tf die present invention to provide a method and system 

15 for cemenring a liner in a wdl using a sfaOTter cement column and inqaoved cement 
flow passages to reduce the hydrostatic bead and effective diculating inessures 
commonly encountered in craventicHial c^^mting proceduxet thereby reducing the 
pressure of die cementing fluids acting on die down hole production fbimatioo and 
increaang recovery of hydrocaxbona. A rdated otqect of die present invention is to 

20 improve the quality <rf liner cementaiioa between bodi die borehole-to-liner secti<m 
and die linerHo-casing ovcriq) area by reducing die tuxbulcM 
flow with the use of producdon tubing ntffaer dian drill pipe to a cemendng string. 

It is a significant feature of die present invendoo diat wdl compledon costs 
may be substandaUy reduced by eliminating separate, rqietitive trips associated widi 

2S running a liner hanger in a well and diereafter interooonecdng die pdiAed bore 
receptacle widi a productiao tubing string. A related fettnre of die invendon is that 
the compledon costs are substandally reduced by min^miring the Hkeiihood of one or 
more remedial pipe running trips necessary to restore die mechanical integrity of the 
iicer-to-PBR, or to dean out cement from die PBR. 

30 Itisafurdier feature of die iavcodon to reduce damage to a fi9n^ 

by die hydrostatic head of cement By reducing die bydroslade head of die cement 
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in tbe lange of fsoni 5% to 8%, fonnatiOD fiactute presnxc may not be cyoccd e d , 
thereby significantly reducing damage to the fbnnatioa and inoeasmg tbe leooveiy 
of hydiocazlxm OQoe tbeoeniented Uner is perioral It is a fnxtiier fieatuie of the 
inventioa to increase ti» qualily of tbe liner cementing qwatioa by lediicing 

S tmbnlence and vdodty of cctnent flow, and by miniimzing the lilnrJihnod of cement 
^i^yirtf f ft^H*^ hy wil fhiida or mud due to poor efficiency of die wiper plnzs paaang 
duou^ tdrolais wiUi non^unifimn internal bms. 

It is a related featme of tbe inventim to reduce the pumping i^essures 
lequtxtd to flow cement into tbe annulus between die liner and die formation. The 

10 ^nrniiar flow axea in die lap section bdow the production packer and above tbe 
bottom of the casing is increased* A idativdy stort PBR and packer assembly may 
be used widi a smaller outec diameter dian conventional systems, diereby resulting 
in lower efibctive drcolatittg pressures* 

A further fiealure of die invention is diat die production jacker is intended to 

15 lotate with the production tubing str&ig while die liner is positioned widun die 
wdlboreandisoenmtBdinplaoe. ThepackerisdesignedtDwidistand external mud 
dreulatioa during drilling, drcidationt or cen»iting qmations widiout adversdy 
impacting its sidisequent setting and sealing functions, Tlie packer is designed to 
enable nmnizig on die production tubing without requiring additional setting tools. 

20 llie packer any be normaUy set in die casing widxmt movement of ^ 

body, and may utilize hydraidicpressuiedownhole for packer-«ttingdierg^ 

an internal poit exposed to mud and/or cementing fluids* Tbe packer*setting 

operatioa may also be imtiated and cmitrolled by a remotdy transmitted signal. 

Yet anodier feature of die invention is diat die production tubing seal assembly 

2S is able to widistand hi^ annulns-to-tnbing differential pressures due to die design of 
die seal assembly and die polished bore receptacle. The PBR may also be provided 
witti a torcpie transmis^ and torque limiting device, widi a single or multiple shear 
mechanfsnu and widi an annulusimssare response disocnnect device. 

It is an advantage of die invention diat existing downhole components may be 

30 used in mudi of die system according to die present inventim. Anodier advantage 
of die invention is die reduction in downhole tools and setting tools required to 
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cofloykte a iMiL A findier advuiag^ of tbe inveotkm is dat tbe system 1119 be 
cusfmnimrl for individual weUs wfaicb reqaiie diflinot diaocxmecdoa and load 
cairying l eqi iii e me nti, TiqjpingoutodyaportioaordiepfodQe^ 
required to oomplete tte wdL 

These and flsther objects, featuxes and advanta^ of the present htvotion 
become qipeient finmi die firilowing detailed descq^an, wherein reference is 
to the fig^ires in the aooompanying drawings. 
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BF*g^ qf tfie Thawing^ 

Figne 1 is a vertical devatioa, paxtitUy in sectkn^ yhofnariran y dqncting 
a coovendmal liner with m typical tubiag sorfiKe; 

Fi8;uxe2 isavedkaldevaiioo, ptxti^ the assembly 

5 of the prtaeot invcntioa enqdoying a jsodadioa tubing tfring to positioo the linert 
cemem the liner in place ami set the pioducti^ 

Hgtsxe 3 iUustnOBS the lystein of the intsent hivent^ 
xdease of the inoductioa tubing fipom ttte pdisbed boie reoeplade and showing a 
reverse dxculaiioo of fluid which prevents owrtamimtion of the polished bore 
10 reoqrtacte; and 

Hguie 4 is a vertical elevation, partially in section, generally illustrating a 
torque transmitting ami tcoque Unuting mechanism and a shear-type release 
mrchanism each provided widnn an upper portion of a polished bore receptacle. 
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Figure 1 mustrtfaacoavcQ^^ 
atLHA. A liner hanger lil is ifliattaledsupi^ 

CSt wlucii has imviinuty bem oe^ ^ 
S liner L eaoeads bdow the cftnng string CS and i^ A lower 

polished bore receptacle LPBR is provided immediaiely ahovft ^ hnmr Htmgft, and 
opens upwardly toward the wcQ surfKe (not illustnrtBd). 

Doling die nnudng of the liner L, a drill string and <g^n g tool (not 
iUustcaiecO are used to lower the liner U the liner hanger LH, 
10 bom leoeptacIeLPBR into dttinostiatad position widdn^ Cemeatis 
cixculaled into die borehole diiaogb the drill ttring and liner L. During this 
cementing piQcess, it is Qsua&y desirable to manipul^ 

to rotate and/or rectproeate die liqer L as die cement is bdng diqylaced into the 
borehole B. Prior to cemendng, die liner- hanger LH is set and die drill string is 

15 rdeased from die liner han^« Special weight caning lotadng assemblies in die 
liner hanger are used to rotate die liner during die cemntadoo. 

Cement in die annuius between die liner L and casing CS is frequendy over 
displaced during die cementing process and die cement is dxculated up over die top 
of die lower polished bore receptacle LPBR. Tins cement and odiersoUds in die drill 

20 string-tOHaudng annuius £ail down into die bore of die lower polished bore receptade 
LPBR when die drill string and setting tool are rdeased at die completion of die 
cementation procedure. 

Aiker die liner is andiored in {dace and die drill string removed^ die 
compl^ioo or productkm tubing string FT is lowered into die weU widi a packer 

25 tailpipe ITP, a pnxhiction packer PP, and die upper PER. A production packer PP 
may be spaced 100 meters or more above die liner hanger* and seals between die 
productiim tubing string FT and die casing string CS. The upper polished bore 
receptacle UPBR is provided immediately above die production packer, and allows 
die production Uibing string to be sdectively disconnected from die s^ pioducdm 

30 pecker. TliesealassemblySAatdielowermostendof die production tubing stri^ 
is inserted into die upper PER. Debris falling into die lower PBR as well as 



o 

-13- 

mrrtwrncal dama^ to the lower PBR bore during pbcrmcat of the liacr or idase 
of die drill strmg may pxewol e£fecdve sealing of a seal assembly (sot sbown) wxdi 
the LPiBIL Moreover, atienqrts at inserting the seal asrably into die bore of die 
LPBR may damage die seal assendily , dieveby preventing proper sealing eoga^moit. 
S Kfure 2 flinstraf fti ooe embodimffnt of die system 10 aceofdmg tn ^ ^m it 

invention. A caaipg string CS extends frcm dip boieht^ B towaid tha mfi rff 
(ncttilbutrated). Tlie system 10 utilizes a oompledon or prodiicdontidringat^ 
whidi during prodacdoo ties back to a receiving vessel or tranamissioQ line on die 
surfibe, to cany a connecting assembly rqaeseaied genemUy at 12 into the wdL 

10 Tlieconnecdng assembly 12 serves die pmposeofbodi sealing the prodocdon tubing 
string widi the set casing and interomnecdqg and selecdvdy disconnecting die 
production tubing string fio^i die equq^ment bdow assembly 12. Hie ^fy^iig 
assembly 12, in a general sense* thus perftmns a fimctioQ similar to die production 
packer FP and die upper pdished bore reoqitadeUPBR sbown geoeraH^ 1. 

IS Refioxingjointly to Figs. 2 and 3, die connecting asseodily 12 includes a seal 

assembly 13 whicb extends between die piodnctioo tnUng string 11 and a pdidied 
bore recqi t acl e 14, which is provided above a production packer IS. The system 10 
also indudes a section ofproducdontuUng 11a extending finombdow die p IS 
todieliner 17. The production tubing section 11a pnivides an extensive overlap area 

20 between die O.D. of die production tnbidg Ua and die LD. of die casing string GS 
for receiving cement to bodi improve cemfntation between die lower end of die 
casing C and die liner 17, and to protect die PBR 14 fiom contact widi die cement 
A pluraUly of ceatcalixers 44 are prefecdily provided along die lengdi of die 
tubing section Ua between die packer IS and die dner 17 to centcalire die tubing 

2S sectitid 11a widdn die casing string CS. A crossover sub 16 connects die lowermost 
end of die tubing section 11a widi die liner 17, whicb esttends downwardly into die 
opca borehole B. Those skilled in die art will zpptodatt diat, in many applications, 
die liner 17 does not extend into a vertical bordide as stown in die figures, and 
instead extends into an inclined or substantially horiiontal portion of die borehole. 

30 In either case, die production tidiing string 11 is manipolaled from die wdl surface 
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to posWoH tbc liner in ptaoo witfalA tfafi bo r d iol c ud ff iitffnt is pMiftrt duoofli tte 
pro d u c ti o n tubing strii^ to cectcnt tlio liner witidn tiie borefadc. 

Fig:uie2ilhistiatesdiel]nar 17 in position wilfaio die borehcdeBbefimbdng 
rfftTtffltcd into ptaco^ During tlio process of lowering tlio liner into position, dm 
S pxodttctioo tubing string U may be lotsted and recqxoc^ 

liner into proper poritioQ. A dutch necfasnisni or otber twiue trsnsnntting and 
totque finddng device 20 as discoisfri fbtdier below is prefoably positioned in the 
. connecting assembly 12 and pennits the rotary forces of die pxoduction string 11 to 
be transmitted to the liner 17. Intfieevemtfaatthelitter 11 should lodge or should 
10 otherwise become dif&uU to rotate, the device 20 will release to pennit rotation of 
the string 11 wifliont coney )n di n g movement of the lioer 17, This feature protects 
threaded connections in die string 11, such as 22, from being damaged due to over* 
torquing. 

Cement is punned 6om the sui&oe ifarough die production tubing string 11 
15 and out of die bottom of the Uner 17 into an annulus A between the bordude B and 
the liner 17« In die process, upper and lower tiMng wiper plugs 40 and 42 may be 
employed to provide sqnnaiOQ between die cement and diedriU^ Whiledie 
cementing is in progress, the liner 17 may be rotated and/or reciprocated by 
manipulating die tubing string 11 to cnsuie proper didmrsement of die cement in the 
20 annulus A. 

By pumping cement throu^ a production tubing string rather than throu^ a 
dxill pipe String, die hydrostatic head of die pumped cement may be reduced, dierdiy 
minimizing damage to die forasation. Those sldUed hi die ait will appreciate diat die 
internal diameter of a suitable production tubing is larger than the intenal diameter 

2S of drill pipe conventionally used for transmitting cement to die liner and into die 
bordiole. For any given wdl application, the same vohune of cement may thus be 
pumped tfarcmgh the liner and into the borehole widi a lower hydrostatic bead due to 
die laxger intenal diameter of production tubing used for eadi well as compared to 
the size of die drill p^e string used in drilling and semdng die same well. Also, 

30 and lower wiper plugs wfaidi are used to sepaiate die cement from odier 

wellbore fluids Crequendy cannot do an efficient job of wiping die interior surfice 
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tetweea tiie jdnts of dnU pipe doe to the va^^ 

pipe ooonecdons. By utilizing production tubing latiier thin drill pipe to ponqi tbe 
oemeot to tbe liner, more efficient wiping of die pfaigs is oblaioed doe to tbe 
substantially uniform diameter of each of die joints of tid)iiig bodi atoog the tuU 
5 length of each jdnt and between adj oining cobolar joints oooneeted by a high strengtti 
tubing connection. A suitabte tubing aocordbig to die ptesett invention may include 
both Modd 521 tubing manuftduted by Hydril or tubing manu&etmed with Adas 
Bradford Model DSS^HTC dseads. The desired tuUng has substantially umfbrm 
intenal diauMter bores and high pressure metal-to-m^ 

10 reasonably hi^ toque and pennit efficient wiiring of die cement sluny. 

Iliose skilled m the ait wiUappredaiedttt a sidman for 
example, 300 meters may locally exist between die production packer and die 
lowermost end of die casbg string In die prior art, as shown in Hg. 1, a packer 
tai^npe FTP conventicmally extends between die production packer FP and die liner 

15 hanger LH. Using orovendonal trrJmiques and equipment, bodi die packer tailpipe 
FTP and die liner L below die liner hanger 12 have an internal bom diame^ 
is less dian die bore of a suitable producdon tidring secdoo lla which extends 
between die producdon packer IS and die liner 17 acooRibig to die present i^ 
This fcahire reduces die hydrostatic head of die cement during die cementatim 

20 imoess to prevent formation damage. Equally inqmtant, die O.D. of die packer 
tailpipe FTP of die prior art is greater dian die OJD« of die im)^^ 
lla of the present invention. Accordingly, die use of prodoctioo tuUng string lla 
provides for a dncker anmtins which is subseqoendy filled widi cement dian die 
annuhis provided accoriing to die prior art* dierdiy obtaining a mart extensive and 

25 rdiable cementing job and because of die mcreaaed volume available to receive 
cement, reducing die likdihood diai oemeot will be pumped up to an area adjacent 
the production packer. Also, tte threaded end connections of a conventional liner, 
like die tbrtsOoi end cc»necti<ms of a drill pqie, provide a high resistance to upward 
flow of drilling mud or odier fluid while die cement is pumped into die wdl. By 

30 using production tidiing radier than drill pipe above die production packer, and by 
using production tubing radier dian a liner bdow die packer, t mproved flow passages 
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arc provided sod pump picswte i T iQUi nM i to pump Chcoonm downbolcndtD fiscoe 
the wdi fflidd i^wud to tbc suiftoe in tte Mnnlos witUii tbe cuiog string CS is 
goduopdf dmcby sgiin ppdoong ttis likdihood that ctocwivo pressure wiU damgn 

5 Ttepadn 15 is set after cementing with die use of a socfiftre 

sy^emCnotiUustnteiOoontained within the padDor 15. The setting system may be 
desigMd to actuate t set of sli^ 24 and an annnlar ptdoer seal 26 without axial 
movement of either die producdon tulring string 11 or die packer 15, ^»fidch is 
structurally secured to die cemented liner 17. An example of flds signalling system 

10 is described in con c ip o n d l n g U.S . Patent Ap^icatkm Serial No. 08/386,565 filed on 
February 10, 1995, and asrigned to the assignee of the present application. In the 

fi%#^fftf f^i'€m ariwwritmr to thil tnvftiitMm^ an earplftrivft ehty may rAntaitt#id 

widrin ttie setting mechanism and mi^ be detonated in response to sequential pressure 
signals sent fiom die weU surfiKe down ttuDUgh the wdl fluids to the padcer. It is 

15 important tint die packer 15 may be set using positive fluid pressure applied in the 
anmilus between die casbg and tbt production mUng string as the setdng force or 
energy. Internal ports commonly used to set a production packer by increasing 
internal production tubing fluid loessore would become phigged with cement and 
prevent the i»oducdon packer from being rtl2d»ly set The packer may thus be set 

20 downhote in response to a pressure or pulse signal generated at ^surfiace, and may 
use positive annulus pressure rather ttian internal production tubing pressure as the 
setting force. 

AsbestiUustrstedinFig. 3, the packer 15 holds die top of the liner 17 firmly 
within die surrounding casing C and {novides a seal between die caang string CS and 

25 Uner 17. The padcer 15 serves to provide a rdiable seal to ke^ formation fluids 
from entering dm annulus between die casing and the production tubirig string 11 in 
die event that well fluid pressure leaks past die cement surrounding the liner 17. 
Slips 24 within die packer prevent well pressure above or bdow die set packer from 
axially moving the packer within die casing string CS. 

30 The padoer 15 is a driUing-aHnpatible packer widi an ammlar seal 26 which 

rotates widi die producdon tubing string 11 ^i^iile die liner is positioned downhole and 
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doxing tiieoemenimgiffooe& Tteamiiilar packer aeii 26 UtbukB]^ 
medttflically tntefccwnnrtffd with the mandrd ifAkh panes tfanx^ the padoer %al 
and tfm with the pioductun tsUng stfi^ If tfseaimiilir packer 

seal were aUowed to lanain staiiooary acau^ 
5 pxxxhicdra tubing string rocatedt which ii the oooventioQil anaogemeot for most 
packers, beatings and seals in die ptdoer woold quiddy d dcriotate . Since d» 
annular packer seal rotates with d» {nodocticn tttbi^ 
centralizers (not illustrated) mqr be provided above and bdow die ptoducttm 
to xeduce the likdibood of die unset annular packer seal engaging die casing during 
10 rotation of die production tubing stringt diereby minimising damage to d» annular 
packer seal* 

The annular seal 26 of die pnxfaiction packer 15 b also designed to be able to 
widistand the fluid pressure as mud passes upward past die production packer in die 
annulus between die casing ami dsejroducdm tubing string Tlie annular padxr seal 

IS of die producdon packer should be both sized and stroetnraUyreiiiforoed to ^ 

diis circulation pressure since flmd flows past the unset padoer seal while die liner is 
being positioned downhole and while oeiiient is bdng pumped dm 
cubing string and into die borehole. 

It is a feature of the present invention tiiat die polished bare recep^ I4may 

20 have an internal bora diameter wfaicli apiaoodmates die outer diameter of die 
production tidnng 11, rather tiian having an internal bore diameter whidi must 
accommodate die convcotionally larger outer diamder of the packer tailpipe FTP, as 
shown iia die prior art of Fig. L For a given wdU die policed bore leoqitacte 14 
may thus have a smaller outer diameter and have a shorter axial lengdi dian PBRs 

25 used in i^iof systems for die same wdl, dndqf further lowering die pressure 
required to circulate drillirig fluid upward between die caang and 
cementing operation* 

When die tubing string 11 is anchored at die wdl surface^ limited longimdinal 
movemem of dm tubing string 1 1 rdatrve to die cemeaied liner is permitted 

30 mechanism 28 induded in the connecHng assesridy 12* Hie merhaniun 28 
allows die tubing to be moved as required to properly set die tubing 11 in die PBR 
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M^iiad to kagllM or OQoiaet with topeet to tte FBR dodas 

ttettlos opentiflai. TtepR)diietfootobin|striiig U n^ilnismove^ 

the PBR U withont jeopariizing the sealing imegrity between the Boer and the 

production tubing stdng. Tbe PBR 14 miy aooqx vaiious types of sals 13 ^vithin 

a slq) tn8dhantsm28. Since die intennl diameter of die PBR bore apptodinates tbe 

outer diameler of the pfodoclioa tnUng string* 

to a Ugh pnasin»4idiieed fbioes wheo die piodiietioo tubing string U is removed 
fiomdieFBRU. During tUs dis eo nn ecd o n opetatieo, die tower seals 32 are able 
to withatnid a high pressure b the annnhu PA during dttrevetae flow of fluids^ 9S 
discussed bdow. The m 14 is thos bygdiaulically cotDpaiible widi die production 
tubing to nuninii» pressure di£fisiendai forees acdng on die aeab widtin tbe slip 
assembly. 

tbe PBR 14 aocoiding to tUs invention may be designed to transmit bodi 
torsional and (ensile loads during running and cementing of die liner. As shown 
generally in Fig. 4, die upper end of die PBR 14 may include a torque transmission 
me r Jianiim 34, wfaicfa may consist of drcamferentially arranged teeth 37 at die lower 
end of die production bibing string 11, and mating teedi 38 at die upper end of die 
PBR 14. The teedi are designed for mating engagement to transmit torque between 
tije production toUog string 11 and die body of die PBR 14, and dien to die 
production mbing 11a bdow die pacbx 15 and dius to die liner 17. Various types 
of torque tra nsmisiion me c h a nisms mqr be provided for serving diia purpose. The 
torque transmission m e danimi 34 may<also include torque-limiting memben, such 
as webs 35a extending radially outward ftom body 36 each fbr fitting widtin a slot 
35b widtin die PBR 14. Hie webs and slots are designed to normaUy allow 
engagement of dtt teeth 37 and 38 to transmit toique duough die webs 35a to die 
PBR 14. Hie webs 35a may be designed to shear and dierebylinut toique to, e.g.. 
30,000 ft lbs., dius ensuring diat excessive torque is noc transndtied to dto dueads 
22 of die production tnUng string 11 if die UnerL should become stuck downhole. 
A clutch or odier torque transmission and trnque limiting m#w»iiiHt t.^ 20 nay be 
provided to nSabSy transmit torque wfaOelfaniting torque Ux die purpose described 
above. 
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The assembly 12 my also cootam an interlock system (trrignrt to sustsm 
antfclpaied axial loads, bodi c ompr e ssiv e and teosOe, vAkb may be expected in the 
conve yan ce of the tobing/Bncf system into the boiehole» Tlie intedock system m^f 
also release to pennit axial movement of the seal assemhfy 13 rdative to die PHR 14 

5 after die liner cementing opemtkxL lliia axial movement may be fixr the porpose of 
complete diaengBsemeitt of die seal assemUy 13 from die PBR 14 as rDquired Ibr 
fluid dzcnlatioo or for die additioo of conqxments to die tubing string 11, or to 
cootroLand enable relative movement of die seal assembly 13 widdn die PBR 14 
wtita inaintainfng pressure mtegrity. 

10 Figure 4 illustmtes a single ring-shaped shear member 39 for a sinqiUsdc 

embodiment of an interiock system. The shear member 39 is biased radially outward^ 
butispieventedby dieuKier^bodyofFBR 14 fitom moving outward fintfaer dian die 
position diown in Fig. 4. 6noeaid»sucfitte» members 40 mqr be daeaded fuite 
in, diotby compress ing die shear member 39 and allowing die seal assembly 13 to 

IS be removed from die PBR 14. Tteassendily 12 'mayalteniadvdy indodeamult^le 
shear system to aooommodalB tuUng stress and tidring kogdi changes A shear 
assembly may dius indnde a {durality of shear rings eadi intended for shearing upon 
a selected axial foree. During sdmuladoo» zemedial reoovoy operations, or killing 
of die wdl« one of die shear lii^ may be designed to shear upon die applied 

20 a selected axial force to die tubfaigstringtdierebyalkiwing 

move up. Further axial movement will dien be prohibited by die next riiear ring, 
which will remain hi tact undl a higher axial force is subsequeody a^died to die 
pioductiia tubing string. The seal assembly may dnis be stoked to diear a ring, and 
will relatcfa in a new axial pQsidon widdn die PER. This seitueooe may be repeated 

25 as often as desired, depending on die number of shear rings. Due to die muld{de 
Ioad<anying and rdeasingfuncdons of die intedock system in assendily 12, various 
mechanism may be employed, either incfividually or in combinadon, to achieve die 
flexibility requirements of varying anticipated downhole condidons and sequencing 
operatioos. 

30 The assembly 12 may also tndode an interiodc system wfaidi is reqxmrive to 

annuius pressure for disconnecdng the production tubing string 11 firom die polished 
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btn fwrpfiffto 14* Vsnoos mfichtsiflns my be uxd for ttds piuposo« ^littiinn ^ 
reniotdy actMted mccJuHiini osi&g hydmHc pitun or puliei. Rraiovil of ttie 
tobiiig 3tdng 11 fioni flic FBR 14 my be rajuired, far fxinipte^ to com^rtp or 
wockovcr tfio wdL Rcmovil iniy be effccted by ^ifdyisig pmsm to'flie mnilus 
S between the productka string 11 ind tfie sunoondiiig casiiig CS. The incmsed 
aiwioius pieMuie my >hcg ipin i^on leichieg Eidected piesturep thgwhy tti^tan^ 
an ^nroiltr pienme'ieip omiv e piitoQ* Axiil movemet of the piitDO causes flie 
mcchanfcail rdease of > ctrflctniechinism which prevtously copnected the prodnctioo 
tobtng string 11 and ttsePBR 14. The coonectuig assembly 12 may flms contains an 

10 intedodc system witti a rekase mechanism which provides for tbt tdease of the 
production tidnng tfring fitom flie padocr IS and the iin^ pressure 
exceeds tiial withfai die toUiv 11 by a selected value lequired to shear die pin and 
release the pistDO. Once rdeased^ d^ tubing string U and seal assembly 13 may be 
pulled up into die position illustrated in Fig. 3. 

15 The generaticm of a positive annulus pitssuxe compared to the production 

cubing pressure during disconnectira of the tubing string II fiom die FBR 14 creates 
a reverse flow of fluid as indicated by die arrows F in Fig. 3, diereby sweqnng any 
debris or odier contaminants up into die tubing and away from d» FBR 14. This 
reverse drculation is continued until die scdids in die wdl fluids ha:ve been removed, 

20 at which time die tubing string may be wididrawa. The seal assembly 13 is equiiq)ed 
widi lower seals 32 which are designed to widistand high differential pressure 
unloading conditions, which occur in dse cooditim described above where diere exists 
a positive pressure differential between die anndus and tlie flow path of die tubing 
II. Tlie seab 32 are also designed to widistand die reverse flow of die well fluids 

25 which occun immediately upon separation of the seal assembly 13 from the PER 14. 
A significant feature of dtis invention is diat fluid circulation may continue throughotn 
die liner placement and cementing operadons. According to prior art techniques, 
circulatira was discontittued when disconnecting die nmning tool from die liner PER 
prior to die cementing opexation. By allowing for continuous drculation, weUbore 

30 safety is enhanced and wdlbore int^rity and control is increased. 
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If leqoixed, a poitica of the prododiaa tnbisg string 11 be tdpped mt 
and then tripped back in to install a safiety valve 46, as shown geaenUy in Fig. 3. 
At die same time, odier equipn«it may be installed at a position above die set 
pxodocdon packer 15. A omvcntional downlmie tool may be used to allow die 

S diteads 22 in the production tubing string at a selected asdal locatim to be broken 
apart, so dnt only a portion of die prodocdon tubing string 11 need be ictrieved to 
die surfitte. AUemativdy, vaxioas types of disooonect members may be provided 
along the length of die fnoducdon tidiing string 11 between the sur&oe and die 
production packer IS, so that only a portion of the imduction tubing string 11 m^ 

10 be retrieved to install a safety valve 46 <»r similar equipmenL As a fiirdier 
altemadve, the releaae t!»*^«^«" discussed above may be activated, and the entire 
prodocdon tubing string tnpptd out of the wdl before perforating die productim 

After settuig die pecker assembty 15 and hanging off die tubiiq; 11 in the weU, 

15 a coQvendonal duott^Hhe-odnng perfimtkm and compledon is performed. A 
suitable perfbraling tpcrf (not iUustrated) m^ be lowered dirough die tulring 11 and 
into die liner 17 to die sobsorfooe location bearing die hydrocarbons to be produced 
dirottgh the prodoctkm tubing string. The perforating tool is actuated to cut 
perforations duough die liner wail and surrounding cement and into the fotmatim so 

20 diat die h ydr oc ar bo n s in die formadon may flow into die liner and through die 
production tubing string II to diewdl surfooe. 

According to the mediod of die ineseotinventkm, a liner, production packer, 
and a polished bore reoepiade may be run in on die prodac&» tubing string. The 
production tubing string is fixrmed from tubing sections with a unifonn internal 

25 diameter in each tubing secdoo and between adjoining tubing secdons. The 
prodocdon tubing string and die mechanically interconnected packer seal rotate 
togedier when positioning die liner in die wellbore and during the cement pumping 
operations. At least a portion of die annular overlap between die production tubing 
string and die lower portion ofdie well string is filled with cement during die cement 

30 puminng operation. Cement is thus pumped duough die production tubing string 
nuher dian dirough a drill pipe string to cement die liner in place. The production 
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ptctar nny thn be set with a prodoctioa liMiig ahady coooected to tlip packer. 
Tte piodiictioa pads is set witfioiit noviog tlie lidiiiig stdogt aod pitfenbly is set 
with anQolos pressmc iitillriin renote initiatioD of tha (ndoer irtting sequeow in 
rehouse to pulKS or piessuie. ft should be imdentood that» in one embodimeat of 
5 the invcntioQy hydiocaiboos sie lecovcred at the suiftoe through the productioQ 
tubing ^y^^wg , ^yfb^y eflsbodSffleots of the isveotioiif tte tobiiig rtung is techtticelly 
not e productjoo tiMng stringt sbioe iniBfad iejcctioo fluids flUQf be puniped into the 
well ttaoo^ this ddring string. In other applieatioDSv tfie tuMng string may be 
utilised fi>r cvahatioo of die abaeacerfflow or piCMuie m o n i toring. 

10 TliecQaneetittgasseQibly alsopxeferably iadnte 

for sdectivdy enabling the prodnctixmtiAmg string to engage « the 
production padoer. the qannecring assembly mxy also indude an eaqnasion 
mnrhanitm for accommodating axial jiavd of die productioo tubing string 11 relative 
to the set packer, a torque transmitthig device, a toiqoe limiting device, and a shear 

15 assembly with one or more shear rings. 

Various modifications to the equipment and to the techniques described herein 
should be apparent from die above descri p t i oo of tbt prefe r re d embodiment 
Although the invention has thus been dambcd in detail for a specific embodiment, 
it should be understood tibat thisexphmadon is for illustration, and that the invention 

20 is not limited to ttie disclosed embodiment Altenative equipment and q)erating 
techniques wiU be apparent to those skilled m the art b view of this disclosure. 
Modifications are thus oooteaqdatBd and may be made widiout dqarting from the 
spirit of die mveotioQ, which is defined by the dahns. 
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1. A OMdiod lor oementiot a liner in a wdl^^ 
oonprisng! 

pynttnttitig a Hngr in a wrilhore horn a ttibim atring paamg thmngh tte wrfl 

5 casing; 

{mnqnng cement dm)Q^ tbe tnbing stri^ 
the wdSme while mechankiQy posUioning the liner fimn the tubing string; and 

setting a i»ckcr to Mi between the tubing str^ 
liner is positioned witfiin die wcilbore fiom the tubing string. 

10 2. Hie method as defii^ in Oaim U wbeacein: 

fanning the tubing .^tring of tubing sections each having a sobstandaQy 
unifbnn intetnal diameter flow passsjge throughout its length and between adjoining 
tubing sections. 

3. The method as defined hi Claim 1, further conqnishig: 
IS aiiplyhig a fluid pressure externally of the tulring string greater than fluid 

pressure wittdn said the tubing string; and 

medianicaUy idea^ die liner from the tubing string in response to the 
applied fluid pressue. 

4* Hie method as defined in Claim 1, fiutlier comprisng: 

20 m^nipnlfttwtg fhfe hrfdng ftring to tnmig Hncr white cetitfut ia hctng pumped 

into the wellbofe. 

5. Hie method as defined in Claim 4, further comprising: 
mechanically interciHmecting die tubing string and an annular packer seal on 
the packer such diat the packer seal rotates with the tubing string within the well 
25 casing during manipulation of the tubing string. 
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. . 6. Tlie mediod IS ddbifid in Oadrn i» fi^ 
cxiCQtatiiig wdl floid be^ 
ceme&t ttaoqgh the tobing stdng prnr to setting die pedosr. 

7. Tlie mcdiod as defined in Qaim 1, wherein aeltiiig the pedoer is 
p ft fo mtftd without moving the tubing string qpnoed above the packer, and while the 
liner is fff^^H in pboe wittdn die wdlboie with the liner stroctmlly fixed to the 
packer* 

8. The method as defined in Claim 1, wherein settmg the packer hicl^^ 
utilizing annuhis pressuce between the tubing stxing and die well casing to set the 
packer. 

9. The niedKKi as defined k Claim U fuidier comprising: 
extending die tnUng ^ring bdow die packer, whereby a tnbingHo^aring 

annular overlap area is fimned between a lower portion of die tubing string and a 
lower pordon of die wdl casing; and 

pumping cement indudes positioning cement in die overlap area. 
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10. A mettiod of installing a liner m 
podtiomng a finer, a padoeft and a tui^ 
a totring stxing; 

panqnng tfaroo^ tbe tubing string and tbe liner to ce niCTt the liner in 
3 die weObore while circulating well fluid Y^ward past die packer and die tubing 
diaonnect in tbe weObQie; 

ffiamp iittring thg fatfring string to move d» linar ^tiritecetpent is pumped into 

the weObore; and 

setting the packer to seal die tubing string in d» wdlboie. 

10 IL Use method as defined in Claim 10, fuztfaer comprising: 

pressurizing an annulfs qaoed exterior of die ntbing string; and 
activaling tbe tubing disconnect to remove die tubing string ficom the pedcer 

white maintaining die pressure hi die annulus to penntt fluid flow fipom die annulus 

into die tubmg string. 

IS 12. Tie mediod as defined hi Claim 10, furdm comprise 

automatically limhing die torque transinitted between d» 

liner. 

13. The mediod as defined m Claim 10, fuither comprisng: 
tiie tubing diaoonnect uidudes a polished bore receptade widi a uniform 
20 diamder bore dierdn and a seal assembly for seafing between die tubing string and 

the uniform diameter bore; and 

sizhig'die unilbna diameter bore as a ftmctioa of an outer diameter of the 

tubing string to regulate die pressure differeatial*induced loading on die seal assembly 

and die tubuig. 



c 
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14. A iMtfiod tat ofwrqiWing a well, «'«M i ijriiIm; 
xxoni a piDauCiiOQ Uuius 

S diewdlbore; 

setting the imdoctkn pMloer to seal an tm 
pfodttction tuUng stnngs and 

leoovering foratttioQ fluid tlinxtgb the Hner and the production tubing stzing« 

13. A mediod as defined in Cbdni 14» finther compriaiiig: 
10 ai^lyingaflutdpresnmcxieniallyoftbepfoductta 
the fluid pressure witisin the.pfoductioo tubing string; and 

releasing the prodoctioo tuhmg string firom die liner while maintaining the 
fluid pressure whereby a revene fluid cireulalion flow is established to cairy well 
fluids and contaminants upwan&y throu|^ the production tubing string. 

15 16. The mediod as defined in Claim 14, further comprising: 

maniptilathig dtt prodncdm tubing string lo move tbc liner while cement is 
being punQ)ed into die welUxne; and 

circulating wdl fluid between the production packer and the well casing while 
pumping cement thioui^ the production tubing string .prior to settmg the production 
20 packer. 

17. The metiiod as defined in Claim 14, further comprising: 
removing a portion of the production tubii^ string from die wellbore to 
position a safisty valve within die production tubing string prior to recovering 
formation fluid through the liner and the production tubing string. 



2S 18, The method as defined in Claim 14, wherein setting tfie production 

pacber includes utilizing annulus pressure between die production tubing string and 
die well caauig to set the production padoer. 
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19. Tlie metfaod u defined in Oum 14« fuiter oomprisiig: 
providisg a cxo890ver sab beneath tbepi^^ 

end-of tlie piodiietion toUog string and an npper end of the liner* 

20. Tlie netfaod as defined in Oaim 14, ftutlier compri^ng: 
mecfaanicany interoonneeting ilie piodiictiQn tubing string and an annnlar 

packer seal on the prodnedon padoor such that the packer seal rotates with the 
producdon tnUng string ^tfdn the weD casmg. 
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21. A system for posiriflning of a liner bdow a well casng utilizing a 
tubing stdng widiin tiie wdl casing, oompriOTg: 

a polidied bora ^ ecc^lla^ip for sdedivdy seaBng and receiving an upper 
pottioo of tlio tnbing string and far ditffwnectioo from the tqiper portion of dm tailing 
string; 

a packer bdow die polisbed bore leoqMide far staling between die tubing 
string and die wdl casing* die packer induding an annular packer sea^ 
intetooonortrd with tlio futring string for rotating with dio t^iWng string; 

a tower portioo of a tiddng string extendmg bdow die packer; 

a crossover sub for jntwronniyting tim lower portion of tlie tubing string and 
an upper portion of dm liner; and 

upper and lower ponqxlown plugs far poiiHoning above and bdow a column 
of cement widun die tubing String for prnqnitg cement into die weObore and about 
die lioer. 

22. The system as defined in Oaim 21, farther conqaising: 

die polished bore reoeptttcle includes an doogate polished bore of a uniform 
diametar; and 

a lowermost end of die iqiper portion of die tubing string indudes a seal 
assembly far sealing engagement widi die uniform diameter bore widdn die polistod 
bore receptactet 

23. The ^stem as defined in Cbdm 21, farther conpdsuig: 
a toiq^e Unddng device to automatically limit toi^ 

tubing string and dm liner 

24^ The system as defined in Claim 21, farther ccmprisuig: 
a dis co nne c t member fx oonttdhbly disconnecting die upper portion of die 
tubing string and die polished bore reoqptade. 



25. A mttthod of installing a linar substantially 
as harsinbsf ora daseribsd with rafarancs to tha 
accoapanying dr airings* 

26. A systas for positioning a llnar 
substantially as harainb^fora daseribsd with rafarMca 
to tha accoapanying dravings. 
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